ABSTRACT Objective: The Finnish Diabetes Risk Score (FINDRISC) is recommended as a screening tool for diabetes risk. However, there is a lack of well-powered studies examining the performance of FINDRISC by sex and age. We aim to estimate, by sex and age, the prevalence of elevated FINDRISC and positive predictive value (PPV) of FINDRISC for identifying impaired glucose metabolism (IGM) in a general Norwegian population.
The worldwide number of people with type 2 diabetes is estimated to increase from 382 million in 2013 to 592 million in 2035, 1 and more than 30% 2 of cases are undiagnosed since mild hyperglycemia carries no specific symptoms. Type 2 diabetes is partly preventable by lifestyle intervention, [3] [4] [5] but effective intervention is not easy to implement on a population level. Cost-effective, non-invasive and reliable risk screening tools for diabetes are important for early diagnosis, and likewise to recognize people at high risk of developing type 2 diabetes who can be targeted in sustainable prevention strategies.
One recommended and widely used risk screening tool is the Finnish Diabetes Risk Score (FINDRISC), an eight-item questionnaire including age; body mass index (BMI); waist circumference; physical activity; daily consumption of fruits, berries, or vegetables; history of antihypertensive drug treatment; history of high blood glucose; and family history of diabetes. 6 7 The different items are weighted into a total score ranging from 0 to 26 points. 6 In the original Finnish study population, a score of ≥15 was associated with a high risk of developing type 2 diabetes within the subsequent 10 years. 6 8 FINDRISC has been evaluated in several studies in Europe and other regions and is shown to be a reliable predictor for future diabetes and prevalent undiagnosed diabetes in most of these studies. 7 9-18 Few of these studies have been population-based. Consequently, little is known about the prevalence of elevated FINDRISC in the general population and by age or sex, although some studies have reported a higher prevalence of elevated FINDRISC in women than in
Key messages
▪ In a general adult population in Norway, FINDRISC ≥15 classified 11% as being at high risk for diabetes, and this proportion was higher among women than men. ▪ An elevated FINDRISC had a positive predictive value of 10% for prevalent diabetes and 35% for diabetes and other forms of impaired glucose metabolism combined. The positive predictive value was higher in men than women and in older than younger individuals. ▪ Our results indicate that the impact of sex and age on diabetes risk is not fully captured by FINDRISC, and that refinements to it might improve diabetes prediction.
men. 8 17 19 Such information is essential in order to evaluate the extent of healthcare needed for follow-up of high-risk individuals if FINDRISC is incorporated as a screening tool at the population level. Furthermore, it is not clear whether an elevated FINDRISC score carries a similar risk of diabetes in younger compared with older adults, and in men compared with women. However, two studies reported that among people with elevated FINDRISC, undiagnosed diabetes and high-risk conditions of diabetes such as metabolic syndrome, fasting plasma glucose, 2 hours plasma glucose, lipids, and blood pressure were more common in men than in women. 8 17 We aimed to estimate the prevalence of elevated FINDRISC by sex and age groups, and to determine how well elevated FINDRISC identifies prevalent impaired glucose tolerance (IGT), impaired fasting glucose (IFG), and diabetes, by sex and age groups, in a general population of adult Norwegians.
RESEARCH DESIGN AND METHODS

Study population
The Nord-Trøndelag Health Study (HUNT) is a population-based study in Nord-Trøndelag County, Norway. All inhabitants aged ≥20 years were invited to participate in three cross-sectional surveys during a 22-year period: HUNT1 (1984-1986), HUNT2 (1995) (1996) (1997) , and HUNT3 (2006) (2007) (2008) . The HUNT includes comprehensive questionnaires, interviews, clinical measurements, and a collection of biological samples. Details about the study are described elsewhere. 20 The population of Nord-Trøndelag is considered representative of Norway, except that the county lacks big cities and that the mean income and education level and proportion of immigrants are somewhat lower than the Norwegian average. 20 In this study, we used data from the HUNT3 survey, in which 50 806 individuals (54.1% of those invited) participated between October 2006 and June 2008.
Diabetes and FINDRISC in the HUNT3 survey All participants completed a self-administered questionnaire which included information on previously known diabetes and the FINDRISC items. Weight and height were measured with the participants wearing light clothes without shoes, and BMI was calculated as weight (in kg) divided by the squared value of height (in meters). Waist circumference was measured horizontally at the level of the umbilicus with a non-stretchable band, the participant standing, and the arms hanging relaxed. FINDRISC was calculated at the screening site using the following variables and scoring system: age in years (<45, 0; 45 to 54, 2; 55 to 64, 3; and ≥65, 4 points); BMI in kg/m 2 (<25, 0; 25 to 30, 1; >30, 3 points); waist circumference in cm (men: <94, 0; 94 to 102, 3; >102, 4 points, and women: <80, 0; 80 to 88, 3; >88, 4 points); physical activity (≥30 min/day, 0; <30 min/day, 2 points); daily consumption of fruits, berries, or vegetables (yes, 0; no, 1 point); ever regular use of antihypertensive medication (no, 0; yes, 2 points); history of high blood glucose measurement (no, 0; yes, 5 points); and family history of diabetes (no, 0; second but no first degree relative, 3; first degree relative, 5 points). Participants without previously known diabetes with FINDRISC ≥15 received information about their 10-year risk of developing type 2 diabetes and were invited to join the HUNT Diabetes in Europe-Prevention using Lifestyle, physical Activity and Nutritional intervention (DE-PLAN) Study. Glucose level was measured in nonfasting serum samples in all participants, and participants without known diabetes who had a non-fasting serum glucose ≥9.0 mmol/L were recommended to consult their general practitioner.
The HUNT3 survey also included information on other clinical characteristics associated with diabetes. The self-administered questionnaire included information on smoking habits and history of cardiovascular diseases. Blood pressure and resting heart rate were measured three times while the participants were sitting, at 1 min intervals using an automated blood pressure monitor based on oscillometry (Dinamap 845XT; Critikon, Tampa, Florida, USA). The mean values of the second and third measurements were used in the analyses. Concentrations of total cholesterol, high-density lipoprotein (HDL) cholesterol, triglycerides, and creatinine were measured in non-fasting serum samples.
The HUNT DE-PLAN Study
The HUNT3 study cohort was 1 of 25 European cohorts included in the DE-PLAN Study where the main goal was to improve the capability to prevent diabetes in Europe. 21 All HUNT3 participants with FINDRISC≥15 and no previously known diabetes were invited to the HUNT DE-PLAN Study, which included a baseline examination followed by a diabetes prevention programme. In the present study, we used information from the baseline examination, which included a questionnaire and clinical and laboratory measurements. After overnight fasting, participants underwent an oral glucose tolerance test (OGTT) if they had a fasting plasma-referenced capillary glucose level <8.5 mmol/L. Participants with a fasting capillary glucose level ≥8.5 mmol/L had a fasting blood sample drawn for serum glucose measurement, but were not offered an OGTT since they were highly likely to have diabetes that could be classified on the basis of the fasting serum glucose level alone. The OGTT was performed by giving the participants 75 g of glucose dissolved in 300 mL of water, to be consumed within 5 min. Glucose levels were measured in serum samples drawn before (fasting) and 120 min after the glucose ingestion. Whole blood glycated hemoglobin (HbA1c) was measured in all the participants.
According to the 1999 WHO criteria, 22 diabetes was defined as fasting serum glucose ≥7.0 mmol/L or 120 min serum glucose ≥11.1 mmol/L. IGT was defined as 120 min serum glucose of 7.8-11.0 mmol/L, but no diabetes. IFG was defined as fasting serum glucose of 6.1-6.9 mmol/L in people who did not have diabetes or IGT. Impaired glucose metabolism (IGM) was defined as diabetes, IGT, or IFG. In an additional analysis, we included HbA1c of ≥6.5% (≥48 mmol/mol) as an alternative and sufficient criterion for diabetes, based on diagnostic criteria endorsed by the WHO in 2011. 23 
Laboratory measurements
Serum glucose was analyzed by hexokinase/G-6-PDH methodology, total cholesterol by an enzymatic cholesterol esterase method, HDL cholesterol by an accelerator selective detergent method, triglycerides by a glycerol phosphate oxidase method, and creatinine by an alkaline picrate method (all Abbott, Clinical Chemistry, Illinois, USA). Plasma-referenced capillary glucose was measured at the screening site by glucose dehydrogenase methodology using a HemoCue photometer (HemoCue AB, Ängelholm, Sweden). The other blood samples were analyzed on an Architect ci8200 (Abbott Diagnostics, Longford, Ireland) at Levanger Hospital, Nord-Trøndelag Hospital Trust. HbA1c was measured immunoturbidimetrically by using a microparticle agglutination inhibition method (Multigent, Abbott Laboratories, Illinois, USA).
Statistical analysis
Among 50 806 participants in the HUNT3 survey, we excluded 2290 persons with previously known diabetes and 124 with missing information on self-reported diabetes, leaving 48 392 participants eligible for this study. A total of 47 694 (98.3%) had information on all FINDRISC items, and for these we calculated the prevalence (with a 95% CI) of elevated FINDRISC (≥15) overall and by categories of sex and age. As a measure of the associations of sex and age with elevated FINDRISC, we estimated prevalence ratios (with 95% CIs) of elevated FINDRISC according to sex and age groups by using log-binomial regression analysis. To assess which FINDRISC components explained the sex and age differences in prevalence, we examined the distribution of each FINDRISC component by sex and age groups.
Among 5297 participants with elevated FINDRISC and no previously known diabetes, 2633 (49.7%) participated in the baseline examination of the HUNT DE-PLAN Study, and fasting serum glucose was measured in 2580 of them. Among 2433 HUNT DE-PLAN participants with fasting serum glucose <7.0 mmol/L, 2412 (99.1%) also had 120 min glucose measured; they were included and weighted in the statistical analyses to represent all 2433 participants with fasting serum glucose <7.0 mmol/L. All 147 participants with fasting serum glucose ≥7.0 mmol/L were included in the statistical analyses, as they could be classified with diabetes on the basis of the fasting serum sample only. Among these 2559 HUNT DE-PLAN participants, we estimated the positive predictive value (PPV, with 95% CI) of elevated FINDRISC for identifying diabetes, IGT, IFG, and any IGM overall and by categories of sex and age.
In additional analyses, we similarly estimated the prevalence of mildly (score [15] [16] [17] [18] [19] and markedly (score ≥20) elevated FINDRISC, and the PPV for different forms of IGM within each of these groups.
Since differences in the participation rate between sex and age groups in HUNT3 could influence the overall prevalence estimate of elevated FINDRISC, we also estimated this prevalence using probability weights to account for differences in sex and age distribution between HUNT3 participants and the total adult (≥20 years of age) population of Nord-Trøndelag. For this purpose, we used information on the population in Nord-Trøndelag by sex and 10-year age categories on 1 January 2007, as provided by Statistics Norway. 24 To evaluate the possibility of selection bias due to nonparticipation in the HUNT DE-PLAN Study, we calculated the participation rate in the HUNT DE-PLAN Study by sex and age groups and examined whether FINDRISC differed between participants and nonparticipants of the HUNT DE-PLAN Study.
The statistical analyses were performed using IBM SPSS Statistics V.22.0 for Windows (Armonk, New York, USA), and Stata V.13.1 for Windows (StataCorp, College Station, Texas, USA).
Ethics
All participants signed an informed consent. The study was approved by the Regional Committee for Medical and Health Research Ethics of Central Norway.
RESULTS
Prevalence of elevated FINDRISC
Among 47 694 individuals with information available on all FINDRISC items, the mean (SD) FINDRISC was 8.8 (4.5) overall, 9.1 (4.6) in women, and 8.4 (4.5) in men. Table 1 shows participant characteristics overall, by sex and by FINDRISC (0-14 and 15-26). As expected, participants with FINDRISC≥15 had higher levels of most cardiovascular risk factors including lipids, blood pressure, and non-fasting serum glucose.
The prevalence of elevated FINDRISC was 11.0%, and it was higher in women (12.1%) than in men (9.6%; table 2). The score components that led to the higher prevalence among women were waist circumference, family history of diabetes, and previously measured high blood glucose (see online supplementary table S1). The prevalence of elevated FINDRISC increased with age and was 17 times higher at 70-79 years (24.9%) compared with 20-39 years of age (1.5%; table 2). All score components contributed to the higher prevalence at older ages, except intake of fruit, berries, and vegetables (see online supplementary table S1). The prevalence of elevated FINDRISC by combinations of sex and age group is shown in online supplementary figure S1. We separately examined the prevalence of mildly [15] [16] [17] [18] [19] and markedly (≥20) elevated FINDRISC. For both outcomes, the prevalence was higher among women than men and increased considerably with age (table 2) .
In an additional analysis, we weighted the study participants to account for differences in sex and age distributions between HUNT3 participants and the total adult population of Nord-Trøndelag. This analysis yielded slightly lower prevalence estimates; the prevalence of elevated FINDRISC (≥15) was 9.6% (95% CI 9.4% to 9.9%), and the prevalence of markedly elevated FINDRISC (≥20) was 1.0% (95% CI 1.0% to 1.1%).
PPV of elevated FINDRISC
Among 5297 people with elevated FINDRISC who were invited to the HUNT DE-PLAN Study, the participation rate in the baseline HUNT DE-PLAN examination was similar among women (49%) and men (51%), and broadly similar across age groups (48-58%), except that among people ≥80 years of age only 31% participated. Among invitees to the HUNT DE-PLAN Study, FINDRISC was similar in participants (median 16, IQR 15-18) and non-participants (median 16, IQR [15] [16] [17] [18] .
Among the 2559 participants without previously known diabetes who had their glucose tolerance examined, the PPV of elevated FINDRISC was 9.8% for prevalent diabetes, 16.9% for IGT, 8.2% for IFG, and 34.9% for any of these forms of IGM (table 3). The PPV for IGM was lower in women (31.2%) than in men (40.4%). Specifically, the PPVs for diabetes and IFG were lower in women than in men, whereas the PPVs for IGT were similar. The PPV for IGM increased strongly and continuously with age from 19.1% at age 20-39 to 55.5% at age ≥80 years. Specifically, the PPVs for diabetes and IGT increased with age, whereas the PPV for IFG was highest at 50-59 years of age. The PPVs for different forms of IGM by combinations of sex and age group are shown in figure 1 .
Out of the 2559 HUNT DE-PLAN participants with elevated FINDRISC, 2545 (99.5%) had information available on all FINDRISC items. Among these, 2233 (87.7%) had mildly elevated [15] [16] [17] [18] [19] and 312 (12.3%) had markedly (≥20) elevated FINDRISC. The PPVs for diabetes and other forms of IGM were higher among people with markedly elevated (see online supplementary table S2) compared with mildly (see online supplementary table S3) elevated FINDRISC. However, the increases in PPV for diabetes and IGT by age were retained for mildly and markedly elevated FINDRISC. The lower PPV among women than men was also retained among people with mildly elevated FINDRISC, whereas no convincing relationship between sex and PPV was observed for markedly elevated FINDRISC.
Using HbA1c≥6.5% (≥48 mmol/mol) as an alternative criterion for diabetes, slightly different PPVs were observed for elevated FINDRISC: diabetes, 12.5% (95% CI 11.3% to 13.9%); IGT, 15 
75 (15) 74 (14) 80 (20) 90 (18) 89 (18) 95 (22) Systolic blood pressure (mm Hg) 128 (19) 126 (19) 139 (21) 133 (17) 133 (16) 140 (19) Diastolic blood pressure (mm Hg)
71 (11) 71 (11) 74 (11) 76 (11) 76 (11) 
CONCLUSIONS
In this large population-based survey of adults without previously known diabetes, the overall prevalence of elevated FINDRISC (≥15) was 11%, and the prevalence increased with age and was higher among women than men. The PPV of elevated FINDRISC was 10% for prevalent diabetes and 35% for diabetes and other form of IGM combined. The PPVs were generally higher in men than in women and in older than younger individuals.
The strengths of our study include the populationbased design and the large sample size, which enabled precise estimates across sex and age groups. A limitation is that OGTT was performed among participants with elevated FINDRISC only, and we could not estimate the sensitivity, specificity, and negative predictive value of FINDRISC. Another limitation is that diabetes was classified on the basis of measurements on one occasion, whereas in clinical practice two positive test results are needed to diagnose diabetes among people without symptoms of hyperglycemia. Selection bias cannot be excluded, as the participation rate in the HUNT3 survey was 54%, and 50% of participants with elevated FINDRISC took part in the HUNT DE-PLAN Study. Reassuringly, the FINDRISC score was similar among participants and non-participants in the HUNT DE-PLAN Study, but non-participants in HUNT3 had a slightly higher prevalence of chronic diseases (including known diabetes), lower socioeconomic status, and higher overall mortality. 25 Possibly, non-participants may have had a worse glycemic risk profile, which may have led us to underestimate the PPVs of elevated FINDRISC. The participation rate in HUNT3 was lower in younger age groups, 20 and accordingly the overall prevalence estimate of elevated FINDRISC was slightly attenuated when we corrected for differences in age distribution between HUNT3 participants and the total adult population of Nord-Trøndelag.
Prevalence estimates of elevated FINDRISC similar to ours have been reported from comparable population surveys in Sweden (age range 35-75 years) 16 and Finland (age range 45-74 years), 8 19 and in the non-Hispanic white subpopulation of a survey in the USA. 17 The PPVs of elevated FINDRISC for prevalent diabetes and IGT in the Swedish study were similar to ours, while the PPV for diabetes was more than twice as high in the American survey and varied from ∼10% to 30% in sex-specific estimates in the Finnish studies. The PPV for IFG was more than twice as high in the Swedish and Finnish studies 8 16 19 compared with our study. Differences in age distribution, participation rate, or assessment methods for IGM do not appear to explain these differences between studies. Several studies in Western Europe, North America, and Australia have reported that men are at higher risk of diabetes than women, 26 27 and that a higher proportion of diabetes cases are undiagnosed in men than in women. 8 17 19 28 Both these sex differences may contribute to the higher PPVs of elevated FINDRISC in men than in women in our study. However, two studies have reported that at an equal cut-off point for defining elevated FINDRISC, the PPV for prevalent IGM was higher in men and the negative predictive value was higher in women. 8 17 These findings suggest that the FINDRISC cut-off point of 15 does not imply the same diabetes risk in men as in women. In the original study population where FINDRISC was developed, male sex was recognized as a significant predictor of diabetes, but inclusion of sex in the FINDRISC tool only marginally altered the coefficients of the other score components, and sex was omitted from the scoring system. 6 Other risk scores, such as the AUSDRISK (Australian type 2 diabetes risk assessment tool) found male sex to be an independent risk factor and therefore included it in the score. 28 The higher PPV among men than women in our study suggests that inclusion of sex in the FINDRISC score may improve its performance in our population. Further, the strong increase in PPV by age, both overall and within groups having mildly and markedly elevated FINDRISC, suggests that refinement of the age scores may improve the performance of FINDRISC.
If men are at higher risk of diabetes than women, 26 27 the lower prevalence of elevated FINDRISC in men than in women that we and others 8 17 19 have observed is unexpected. This observation suggests that FINDRISC score components may be underestimated in men relative to women. The components that led to a higher prevalence of elevated FINDRISC among women were a family history of diabetes and previous measurements of high blood glucose and waist circumference. Possibly, the recall or knowledge of a family history of diabetes may be poorer among men than women, 29 and women go more often to their doctor 30 31 and may have their glucose level examined more often than men. Also, gestational diabetes provides a warning signal of future diabetes risk that has no counterpart in men. Waist circumference, but not BMI, has increased more in women than in men over the past decades 32 33 including in this study population, 34 but how this will influence sex differences in diabetes risk is still not clear.
In this general adult population in Norway, FINDRISC≥15 classified 11% as being at high risk for diabetes, and this proportion was higher among women than men. An elevated FINDRISC had a PPV of 10% for prevalent diabetes and 35% for diabetes and other forms of IGM combined. The PPV was higher in men than in women and in older than younger individuals. Our data indicate that the impact of sex and age on diabetes risk is not fully captured by FINDRISC, and that refinements to it might improve diabetes prediction.
